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GROUND EFFECT AIRPLANE 

FIELD OF THE INVENTION 
[0001] The present invention generally relates to a vehicle for overseas and 
overland cargo transport and more particularly to a ground-effect aircraft that is 
configured to permit the relatively efficient, rapid and cost-effective overseas and 
overland transport of cargo. 

I BACKGROUND OF THE INVENTION 

111 

£ [0002] The overwhelming majority of all overseas cargo is presently transported 
H\ by ship. As compared to the transport of overseas cargo via conventional high altitude, 
high-speed aircraft, overseas cargo transport via ship is often 4 to 5 times slower but 

pi 

less expensive by a factor of ten. As such, only about one percent of all overseas cargo 

Q 

P is time sensitive enough to necessitate shipment via conventional air transport. Given 
the gaps in the cost and transit time between ships and conventional air transport, there 
is an apparent need in the art for an alternative transport vehicle that facilitates the 
relatively efficient, rapid and cost-effective overseas transport of cargo. 
[0003] Large airships or blimps represent one alternative mode of overseas 
transportation. Large airships have a higher payload-to-drag ratio than conventional 
aircraft and as such, are more efficiently operated. However, considerations for the size 
of the hanger for housing the airship, the stresses on the airship structure, the 
maneuverability of the airship, the airship's relatively slow cruising speed and the 
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dependence on weather conditions render airships impractical for reliable overseas 
cargo transport. 

[0004] Another alternative to the conventional overseas cargo transport modes is 
the conventional ground-effect aircraft. Ground-effect operation occurs when an aircraft 
is flown in close proximity to the surface of the earth such that the downward motion of 
the air under the aircraft is constrained. The constraint of the air under the aircraft 
reduces induced drag and thereby increases the efficiency of the aircraft. Conventional 
ground effect aircraft, however, are not well suited for the overseas transport of a high 
& volume of cargo. In this regard, no ground-effect aircraft is known to have a 
Jjj configuration which permits safe ground-effect operation over rough seas as a typical 
jjj altitude for ground-effect flight is about 0.1 wingspan lengths or less. Accordingly, large 

5 swells could prevent operations or necessitate alternative routes which would tend to 

§=* 

O increase costs and disrupt delivery schedules. 

pi 

# [0005] Furthermore, when the known ground-effect aircraft are scaled up in size 
to accommodate high volume cargo transport, several problems are encountered. For 
those ground-effect aircraft that take off and land in water, the fuselage of the aircraft is 
configured to permit flotation while the aircraft is fully loaded. As such, the hull or 
fuselage of the aircraft necessarily has a large area for displacing a sufficient volume of 
water to permit floatation. The large area of the hull, however, increases both the 
weight of the aircraft and its parasite drag to thereby reduce the aircraft's capacity and 
operational efficiency. Similarly, scaling-up the design of a conventional ground-effect 
aircraft that is configured to take off and land on conventional land-based runways is 
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also impractable. For example, the large wingspan that is required to permit the aircraft 
to efficiently transport a high volume of cargo and the magnitude of the load that is 
exerted by the landing gear onto the runway would significantly limit the number of 
runways from which the aircraft could be operated. 

[0006] Accordingly, there remains a need in the art for a ground-effect aircraft 
that is configured to permit the relatively efficient, rapid and cost-effective overseas 
transport of cargo. 

O SUMMARY OF THE INVENTION 

o 

}JJ [0007] In one preferred form, the present invention provides an aircraft having a 

j£ fuselage, a wing assembly, an altitude control system and a plurality of independent and 

J steerable landing gear units. The fuselage defines a central storage cavity having a length 

p of at least 100 feet, a height of at least 16 feet and a width of at least 24 feet. The wing 

& Is* 

# assembly extends through and is coupled to the fuselage in an unswept manner to provide 
fc* the aircraft with a wingspan of at least 300 feet. The wing assembly defines a pair of wing 
storage cavities each of which being located on an opposite side of the fuselage. The 
wing assembly has a moderate aspect ratio of at least 3.5 to permit the aircraft to be flown 
efficiently in and out of ground effect. The altitude control system controls the altitude of 
the aircraft when the aircraft is flown in ground effect. The altitude control system is 
operable in an active mode for maintaining an altitude of the aircraft at about a 
predetermined altitude above a surface over which the aircraft is traveling. The landing 
gear units are coupled to the fuselage, and may be arranged in an irregular manner or in a 
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matrix having, for example, regularly spaced rows and columns of individual landing gear 
units. The central storage cavity and the wing storage cavities are configured to receive a 
cargo that includes intermodal re-usable cargo containers. 

[0008] Further areas of applicability of the present invention will become apparent 
from the detailed description provided hereinafter. It should be understood that the 
detailed description and specific examples, while indicating the preferred embodiment of 
the invention, are intended for purposes of illustration only and are not intended to limit 
the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] Additional advantages and features of the present invention will become 
apparent from the subsequent description and the appended claims, taken in 
conjunction with the accompanying drawings, wherein: 

[0010] Figure 1 is a side view of a ground-effect cargo transport aircraft 
constructed in accordance with the teachings of the present invention; 
[0011] Figure 2 is a plan view of the ground-effect cargo transport aircraft of 
Figure 1 ; 

[0012] Figure 3 is a front view of the ground-effect cargo transport aircraft of 
Figure 1; 

[001 3] Figure 4 is a cross-sectional view taken along the line 4-4 of Figure 2; 
[001 4] Figure 5 is a cross-sectional view taken along the line 5-5 of Figure 2; 
[0015] Figure 6 is a cross-sectional view taken along the line 6-6 of Figure 2; 
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[0016] Figure 7 is a cross-sectional view taken along the line 7-7 of Figure 2; 
[0017] Figure 8 is a bottom view of the ground-effect cargo transport aircraft of 
Figure 1; 

[0018] Figure 9 is a schematic illustration of a portion of the ground-effect cargo 

transport aircraft of Figure 1 illustrating the landing gear in greater detail; 

[0019] Figure 10 is a partially broken away perspective view of a portion of the 

ground-effect cargo transport aircraft of Figure 1 illustrating the nose portion of the 

fuselage in a rotated condition relative to the fuselage body; and 

[0020] Figure 11 is a schematic view of a portion of the ground-effect cargo 

transport aircraft of Figure 1 illustrating the propulsion system in greater detail; and 

[0021] Figure 12 is a schematic view similar to that of Figure 1 1 but illustrating an 

alternate propulsion system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0022] With reference to Figure 1 of the drawings, a ground-effect cargo transport 
aircraft constructed in accordance with the teachings of the present invention is 
generally indicated by reference numeral 10. The aircraft 10 is illustrated to include a 
fuselage 12, a wing assembly 14, a propulsion system 16, a landing gear system 18. 
[0023] The aircraft 1 0 is extremely large in size, being approximately twice as big 
and six times as heavy as any other aircraft that is presently in existence. The aircraft 
10 has a length of at least 100 feet and a wingspan of at least 300 feet. In the example 
provided, the aircraft has a length of 420 feet and a wingspan of 480 feet. The large 
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size of the aircraft 10 tends to reduce operating costs by improving the aerodynamic 
efficiency of the aircraft 10 in ground-effect operation and reducing labor cost per unit of 
cargo transported, for example. 

[0024] Structural efficiency factors into the operating cost of any aircraft, since 
weight capacity that is not allocated to the structure of the aircraft is potentially available 
for cargo. In this regard, the extreme size of the aircraft 10 tends to reduce the 
proportion of weight that is typically allocated to fixed-weight components, such as the 
cockpit 22 and the avionics system 24, which are shown in Figure 4, as well as reduces 
the extent to which components are built to a "minimum gauge". The extreme size of 
the aircraft tends to increase the proportion of weight typically allocated to structure 
subjected to bending loads, notably the wing structure. Certain features of the design 
reduce this weight including an unswept wing planform, great wing thickness to chord 
ratio, and spanwise cargo loading. 

[0025] With reference to Figures 1 and 4, the fuselage 12 defines a central 
storage cavity 28 and includes the cockpit 22, a nose portion 30, a fuselage body 32 
and a tail portion 34. The central storage cavity 28 extends approximately the entire 
length of the fuselage 12 and is at least 100 feet in length, at least 16 feet in height and 
at least 24 feet in width. In the embodiment illustrated, the central storage cavity 28 is 
segregated into two discrete storages cavities, an upper fuselage storage cavity 38 and 
a lower fuselage storage cavity 40, in order to facilitate the transport of cargo that 
includes intermodal re-usable storage containers, such as the commonly used 8x8x20 
or 40 foot ISO containers. Those skilled in the art will understand, however, that the 



Attorney Docket No. 7784-000244 
Boeing Ref. No. 01-055 (009069) 

central storage cavity 28 may be constructed somewhat differently, particularly if large 
cargo, such as smaller planes or military equipment, such as tanks, are to be 
transported. Preferably, at least one of the upper and lower fuselage storage cavities 
38 and 40 are configured with a height that permits the intermodal re-usable storage 
containers 42 to be stacked vertically on one another so as to permit cargo to be very 
densely packed into the fuselage 12 as illustrated in Figure 10. The ability to densely 
pack cargo into the fuselage 12, and the ability to store cargo in the wing assembly 14 
u permit the fuselage 12 to have a relatively small size relative to the aircraft 10 as 
q compared with conventional long range aircraft. The relatively small size of the 

fit 

fjf fuselage 12 permits the aircraft 10 to operate with greater efficiency due to a reduction 

H|R3. 

U in drag. 

i [0026] The cockpit 22 is preferably pressurized to permit the aircraft 10 to be 
g flown at relatively high altitudes as well as in low altitude ground-effect. The cockpit 22 
J£{ includes the avionics system 24, as well as an altitude control system 48. The altitude 
control system 48 is operable in an active mode for maintaining an altitude of the aircraft 
10 at approximately a predetermined altitude above the surface over which the aircraft 
10 is flying. As those skilled in the art will appreciate, precise altitude control is 
essential for maximizing the benefit of ground-effect operation. With additional 
reference to Figure 8, the altitude control system 48 preferably includes a sensor array 
50 having a plurality of sensors 52 that are located along the length of the wing 
assembly 14 and the fuselage 12 to facilitate accurate altitude calculation, even over 
relatively rough terrain. The sensors 52 may include radar altimeters, laser altimeters, 
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cameras, and/or any other suitable altitude sensing devices. The sensors 52 provide an 
altitude signal that is indicative of their altitude above the surface over which they are 
positioned. The altitude signals are received by a controller 53 which preferably 
averages the signals to determine an average altitude of the aircraft 10 and controls the 
operation of the aircraft 10 in response thereto to maintain the altitude of the aircraft 10 
at about the predetermined altitude. While some type of signal filtering may be 
employed to calculate the altitude of the aircraft 10, it is presently preferred that a 
multiplicity of sensors 52 be employed over the length and span of the aircraft 10 so 
as to reduce signal filtering so as to reduce the time delay that is associated with the 
HI calculation of the altitude. 

P [0027] The altitude control system 48 may also be configured to calculate a bank 
I angle and actively control the aircraft 10 so as to prevent the wing assembly 14 from 

'q contacting the surface of the earth during a roll maneuver. Alternatively, the altitude 

nj 

|| control system 48 may be configured to warn the pilot when a roll maneuver will cause 

p t h e W j ng assembly 1 4 to contact the surface of the earth. 

[0028] To facilitate the loading and unloading of cargo into the central storage 
cavity 28, the nose portion 30 is preferably movably mounted to the fuselage body 32, 
as shown in Figure 10. In the example provided, the nose portion 30 is hingedly 
coupled to the fuselage body 32 and movable between a closed condition (Figure 1), 
wherein the nose portion 30 is axially aligned and sealed to a front end 56 of the 
fuselage body 32, and an open condition (Figure 10), wherein the nose portion 30 is 
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swung toward a side of the fuselage body 32 to provide access to the central storage 
cavity 28 via the front end 56 of the fuselage body 32. 

[0029] To further facilitate the loading and unloading of cargo, the fuselage 12 
also includes an aft cargo door 57 that is pivotably mounted to the fuselage body 32 and 
movable between an elevated condition (Figure 4), wherein the aft cargo door 57 closes 
an aft cargo aperture 58, and a lowered condition (Figure 1), wherein the aft cargo door 
57 substantially clears the aft cargo aperture 58. When positioned in the lowered 
condition, the aft cargo door 57 may be employed as a ramp to facilitate the loading of 

O cargo into the central storage cavity 28. In the embodiment illustrated, the aft cargo 

£3 

jf| door 57, when positioned in the lowered condition, is configured to permit the movement 

.£/ of cargo onto and off of the lower fuselage storage cavity 40. 

I* 4 - 

s [0030] The tail portion 34 is preferably T-shaped, having one or more horizontal 
q stabilizers 60 to provide pitch, trim, stability and control for the aircraft 10 during flight 
# operations and sufficient control power for takeoffs and landings. When the aircraft 1 0 
M ! is operated in ground-effect, the wing assembly 14 creates less downwash for the 
horizontal stabilizers 60 to operate in. Accordingly, the horizontal stabilizers 60 are 
mounted well aft and relatively high where the downwash is less severe than the 
downwash that is close to the wing assembly 14. Construction in this manner may 
permit the size and weight of the horizontal stabilizers to be reduced. 
[0031] With reference to Figures 2 and 4 through 6, the wing assembly 14 is 
shown to extend through the fuselage 12 and define a first wing storage cavity 64 and a 
second wing storage cavity 66 for additional cargo storage. The structure or wingbox 
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68 of the wing assembly 14 is preferably an approximately rectangular box that is 
formed by a horizontal upper wing panel 70, a horizontal lower wing panel 72, and 
vertical shear webs 74 and 76 that are located at the front and rear sides, respectively, 
of the wingbox structure 68. The wing assembly 14 also includes a pair of curved 
leading edge panels 78, a plurality of aft wedges 80 and a plurality of control surfaces 
82 that cooperate to provide the wing assembly 14 with an aspect ratio of between 3.5 
and 8, and more preferably of about 6. Although the leading edge panels 78, the aft 
wedges 80 and the control surfaces 82 arguably add some strength and rigidity to the 
wingbox structure 68, they perform primarily aerodynamic functions. Configuration of 
the wing assembly 14 with a moderate aspect ratio (i.e., an aspect ratio that is between 
that which is typically employed for conventional long-range aircraft and that which is 
typically employed for conventional ground-effect aircraft) permits the aircraft 10 to be 
flown efficiently out of ground-effect at relatively high altitudes so as to permit the use of 
the aircraft 10 on overland routes, operate from land-based airports and fly over 
inclement weather. 

[0032] The wing assembly 14 is preferably configured in an unswept manner, 
being relatively deep and having a relatively high wing thickness-to-chord ratio so as to 
better resist the bending moment that is generated during the operation of the aircraft 
10. The unswept configuration reduces the structural span of the aircraft 10 relative to 
conventional long-range aircraft to reduce the moment that is applied to the wing 
assembly 14 during the operation of the aircraft 10. Aircraft that are configured with 
deeper wings tend to weigh less because wing depth provides structural leverage 
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against wing bending. As such, when the aircraft 10 is compared with conventional 
long-range aircraft, the wing assembly 14 is very deep relative to the wing cord. High 
thickness-to-chord provides volume inside the wing that is sufficiently sized to house 
intermodal cargo containers. 

[0033] The wingbox structure 68 of the aircraft 10 extends through the fuselage 
12 such that the horizontal lower wing panel 72 intersects and is approximately coplanar 
with the floor 86 of the upper fuselage storage cavity 38 and the horizontal upper wing 
panel 70 intersects the ceiling 88 of the upper fuselage storage cavity 38. Construction 
in this manner is advantageous in that it permits cargo to be moved smoothly from the 
upper fuselage storage cavity 38 to the first and second wing storage cavities 64 and 
66. In contrast to the conventionally designed aircraft, the wingbox structure 68 
preferably does not include any vertical shear webs to support the portions of the upper 
and lower wing panels 70 and 72 that extend into the central storage cavity 28. 
Construction in this manner is possible since there is no shear between the fuselage 
sidewalls when the aircraft is loaded symmetrically in a side-to-side direction. In 
practice, asymmetrical loading is not always possible. Some additional and/or less 
efficient structure may be required. 

[0034] Conventionally designed aircraft also typically include a series of ribs that 
span across the inside of the wingbox to increase the strength and rigidity of the 
wingbox in an efficient manner. In contrast, these internal ribs are not employed in the 
portion of the wingbox structure 68 where the first and second wing storage cavities 64 
and 66 are located or at the intersection between the sides of the fuselage 12 and the 
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wingbox structure 68 so as to permit the movement of cargo between the central 
storage cavity 28 and the first and second wing storage cavities 64 and 66. Accordingly, 
some additional and/or less efficient structure may be required. 
[0035] With reference to Figure 3, the wing assembly 14 is shown to be 
constructed in a drooping manner wherein the wing assembly 14 extends outwardly and 
downwardly from the sides of the fuselage 12. In the embodiment illustrated, the wing 
assembly 14 includes a main or body portion 92, which is fixedly coupled to and 
extends through the fuselage 12, and a pair of tip portions 94 that are coupled to the 
distal ends of the body portion 92. The drooping construction of the wing assembly 14 is 
a compromise between the idealized wing location and concerns for the integration of 
the propulsion system. 

[0036] In contrast to the configuration of the illustrated embodiment, the idealized 
wing for this embodiment intersects the fuselage at a relatively low point so that the 
wing assembly is able to operate as close to the surface of the ground as possible. As 
the propulsion system 16 for the illustrated embodiment is best configured with 
propellers 96 since ground effect flight dictates moderate cruise speeds, the use of 
wing-mounted nacelles would cause the propellers 96 to extend below the wing surface 
and would become the lowest part of the aircraft. This would reduce the ground-effect 
benefit, since the aircraft would have to be flown at a higher altitude in order to maintain 
an acceptable level of ground clearance to the lowest point of the aircraft (i.e., the 
propellers). Alternatively, pylons could be employed to mount the nacelles above the 
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wing assembly, but as those skilled in the art will readily understand, the use of pylons 
exacts a significant penalty, both in terms of weight and in aerodynamic performance. 
[0037] The droop wing configuration of the wing assembly 14 permits the 
nacelles 98 to be mounted to the wing assembly 14 with sufficient ground clearance for 
the propellers 96 without the use of pylons. The droop or downwardly and outwardly 
extending shape of the body portion 92 and tip portions 94 permits a large portion of the 
wing of the aircraft 10 to be as low as possible relative to the fuselage 12 such that 
much of the benefit that is provided from the idealized wing configuration is maintained. 
[0038] In the example provided, the tip portions 94 are preferably movably 
mounted to the body portion 92 such that each of the tip portions 94 is movable 
between an extended condition (shown in solid line) and a retracted condition (shown in 
phantom line). In the particular embodiment illustrated, each tip portion 94 is pivotably 
coupled to the body portion 92 via a hinge mechanism 100. Placement of the tip 
portions 94 in the retracted condition, wherein each tip portion 94 is rotated upwardly 
relative to the body portion 92, reduces the overall length of the wing assembly 14 (i.e., 
the wingspan of the aircraft 10) in appropriate situations (e.g., during take-off and 
landing or during ground operations such as loading and unloading) and to reduce the 
amount by which the wing assembly "droops". The size of the tip portions 94 is 
dependent upon the extension of the landing gear units 102 and the degree to which the 
wing assembly 14 droops. If the droop occurs primarily near the distal ends of the wing 
assembly 14, a relatively short tip portion 94 will provide sufficient clearance. If, 
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however, each of the opposite sides of the wing assembly 14 are relatively flat, then the 
tip portion 94 will be relatively large. 

[0039] Although the tip portion 94 of the wing assembly 14 is illustrated as being 
rotatable through an angle of about 90°, those skilled in the art will appreciate that the 
tip portions 94 could be configured in numerous other ways. For example, the tip 
portions 94 could be pivotably coupled to the distal ends of the body portion 92 and 
rotatable through a relatively small angle, e.g., 30°, such that the tip portions 94, when 
retracted, extend about as far downward as the distal ends of the wing assembly 14 
(i.e., the tip portions 94 are rotated upwards just enough to cancel-out their droop). 
While configuration in this manner lacks some of the benefits of the above-discussed 
configuration, it none the less eliminates the need for highly extended landing gear. 
Another configuration includes a drive mechanism that draws the tip portion into and out 
from a cavity in the distal end of the body portion 92. The retraction and extension of 
the tip portions 94 would be along an axis that is approximately parallel the longitudinal 
axis of the wing assembly 1 4. 

[0040] As is known in the art, ground-effect aircraft commonly experience a 
phenomenon known as "suck-down" wherein the airflow between the aircraft and the 
earth accelerates, causing the pressure of the air beneath the aircraft to decrease, 
resulting in a loss of altitude. This effect can become increasingly severe at lower 
altitudes as the effect tends to propagate and suck the aircraft down until it collides with 
the surface of the earth. To combat suck-down, the aircraft 10 is configured with an 
anti-suck down shape. In this regard, the shape of the exterior of the aircraft 10 is 
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configured such that convex shapes on the underside of the aircraft 10 which would 
normally promote airflow acceleration in an area close to the surface of the aircraft 10. 
[0041] The wing assembly 14, for example, is illustrated to include several anti-suck 
down features. As illustrated in Figure 5, the wing assembly 14 is a substantially flat- 
bottomed air foil 110 that avoids convexity to thereby prevent airflow acceleration. 
Furthermore, the wing assembly 14 is configured with a wing scheme, as shown in Figure 
3, that uses tip droop to limit the distance by which a substantial portion of the wing 
m assembly 14 can come to the surface of the earth. 

0 [0042] The nose portion 30 of the fuselage 12 is likewise drooped in side view so 

ft: 

Ui tnat tne curvature of the underside of the fuselage is limited. This feature is enhanced by 
p- tapering the nose portion 30 more in the plan view (i.e., top view, see Figure 2) than in the 
* side view (see Figure 4) so that less flow acceleration occurs on the underside of the 
K fuselage 12. The aft end of the fuselage 12 is similarly limited in upsweep as shown in 
IJ Figure 4 so as to limit flow acceleration. Furthermore, the fuselage 12 is necked down as 

shown in Figures 7 and 8 to reduce the effective area subject to the suck-down effect. 

Lastly, the aft end of the fuselage 12 tapers more in the plan view (Figure 2) rather than in 

the side view (see, e.g., Figures 1 and 4) which also limits flow acceleration beneath the 

airplane. 

[0043] The "clean" overall design of the aircraft 10 promotes highly efficient flight, 
both in ground-effect and at higher altitudes. In this regard, the overall design features a 
low wetted area and smooth lines, as well as makes no provisions for the operation of the 
aircraft 10 in a water-borne environment. Consequently, efficiency-robbing features, such 
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as pontoons, aft-facing steps, water rudders and chines, are not incorporated into the 
aircraft. 

[0044] The aircraft 1 0, like a conventional aircraft, uses much more thrust to take off 
and climb than to cruise. The engines that are typically used for aircraft propulsion 
operate most efficiently when they are working at a fairly high fraction of their capacity. 
Conventional aircraft solve the problem of the engines' excess thrust capacity during 
cruise by cruising at relatively high altitudes. In contrast, the aircraft 10 is to be operated in 
ground-effect as well as at high altitudes and as such, a different strategy for reducing the 
thrust capacity is used. Accordingly, as shown in Figure 3, the propulsion system 16 
includes a plurality of engines 120 that are selectively controllable depending upon the 
demand for thrust. For example, at times when a large amount of thrust is needed, as 
when taking off, or when the capability for generating thrust is diminished, as when 
cruising at relatively high altitudes, the engines 120 are controlled such that they are all 
in an operational state and providing rotary power to rotate the propellers 96. When 
less thrust is needed, as when cruising in ground-effect, a first portion of the engines 
120 may be turned off while a second portion of the engines 120 are operated at a near 
peak efficiency condition. On missions of relatively long duration, it is preferred that 
each portion of the engines 120 be alternatively operated and rested so as to permit an 
equal accumulation of hours of use on the engines 120. 

[0045] With additional reference to Figure 11, the propulsion system 16 
preferably includes a pair of the engines 120 which are incorporated into each of the 
wing-mounted nacelles 98. Wing-mounting is preferred as the connection between the 
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engine nacelle is short and direct and is relatively simpler than that which is used for 
conventional long-range transport aircraft. Further, placement of the engines 120 along 
the span of the wing assembly 14 applies a force to the wing assembly 14 that tends to 
reduce the wing bending loads that are generated during flight. 
[0046] The engines 120 are preferably employed to rotate a propeller cluster 124 
having at least two propellers 96 that are disposed in a co-axial manner and which are 
operated in a counter-rotating manner that is well known in the art. Those skilled in the 
art will understand, however, that the propeller cluster 124 may alternatively include a 
single propeller 96 or two or more single-rotation propellers 96. The propeller cluster 
124 is preferably located forward of the leading edge of the wing assembly 14 and 
somewhat outboard of the fuselage 12 so as to provide the propellers 96 with an inflow 
of air that is uniform in both speed and direction. In comparison, locations behind the 
wing assembly 14 or close to the fuselage 12 tend to have large variations in speed 
and/or direction of the inflow of air to the propellers. The counter-rotating propellers 96, 
which are two separate propellers that are spaced axially apart from one another and 
which rotate in opposite directions on a single axis, tend to be more efficient at higher 
speeds and be smaller in diameter than a comparable single propeller. 
[0047] The engines 120 may be coupled to the propeller cluster 124 through a 
transmission 128, such as a gearbox, which provides a rotational input to the propeller 
cluster 124 as illustrated in Figure 1 1 to thereby permit the engines 120 to be selectively 
uncoupled from the engines 120 as necessary so that the engines 120, when stopped, 
will not interfere with the rotation of the propellers 96. In this embodiment, the engines 
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120a and 120b are coupled to the transmission 128 via discrete clutches, such as clutch 
130a and 130b, respectively. The transmission 128 is shown to include a pair of input 
shafts 134a and 134b and an output shaft 136. The clutch 130a is coupled to the output 
shaft 138a of the engine 120a and to the input shaft 134a of the transmission 128. The 
clutch 130a is operable in a first condition for transmitting a rotary output from the 
engine 120a to the input shaft 134a, and a second condition in which the output shaft 
138a of the engine 120a and the input shaft 134a are not rotatably coupled (i.e., the 
output shaft 138a of the engine 120a and the input shaft 134a may rotate independently 
of one another). The clutch 130b similarly selectively couples the output shaft 138b of 
the engine 120b and the input shaft 134b to one another. The transmission 128 is 
operable for combining the rotary inputs from the input shafts 134a and 134b and 
transmitting a rotary output to the propeller cluster 124. In the particular embodiment 
illustrated, the transmission 128 includes a gearset that provides an appropriate level of 
speed reduction and torque multiplication. 

[0048] Alternatively, as illustrated in Figure 12, the propulsion system may be 
configured such that the engine 120a is directly coupled to the propeller cluster 124 and 
operable for driving the propellers 96 on a full-time basis. When additional thrust is 
required, the engine 120b is brought on-line and the clutch 130 is feathered in after the 
speed of its output is matched to that of the engine 120a to thereby permit the engine 
120b to contribute to the production of thrust. 

[0049] As the aircraft 10 is land-based, it operates from conventional airports with 
runways. It is therefore essential that the load of the aircraft 1 0 be distributed over a 
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sufficiently large area so that the airport pavement is not overloaded. Preferably, the 
weight of the aircraft 10 is distributed over a large enough area so that the airport 
pavement will not be subjected to a higher level of stress than that which is created by 
the weight of a conventional commercial transport aircraft. To this end, a landing gear 
system 18 having a large number of widely dispersed landing gear units 102 is 
employed as shown in the example of Figure 8. The landing gear system 18 includes at 
least twenty independently steerable landing gear units 102, which may be arranged in 
an irregular manner or in a matrix having regularly spaced columns and rows. In a 
presently preferred embodiment, the landing gear units 102 are arranged in at least two 
discrete columns and at least ten discrete rows and which are collectively controlled by a 
controller 140. In the particular embodiment illustrated, the landing gear system 18 
includes 38 independently steerable landing gear units 102 that are arranged in two 
discrete columns and 19 discrete rows to distribute the load of the aircraft 10 over nearly 
the full length of the central storage cavity 28. 

[0050] With additional reference to Figure 9, each landing gear unit 102 includes 
a strut portion 150, a steering mechanism 152 and a pair of individually suspended tires 
154. Each landing gear unit 102 is configured to support the aircraft 10 against gravity 
at speeds at and below the minimum flying speed, distribute the weight of the aircraft 
1 0, provide a low-friction interface between the aircraft 1 0 and the runway and taxiway 
surfaces over which it operates, provide braking following landing touchdown and during 
ground maneuvers, and absorb kinetic energy associated with the vertical movement of 
the tires 154 so as to limit the transmission of impact forces into the structure of the 
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fuselage 1 2. The strut portion 1 50 is movably coupled to the structure of the fuselage 
12 and is positionable between an extended position (Figure 1) in which the tires 154 
are suspended below the fuselage 12, and a retracted position (Figure 7) in which the 
tires 154 are retracted into the fuselage 12. Pivoting doors 160 (Figure 1) preferably 
shroud the landing gear units 102 when they are in the retracted position. The landing 
gear units 102 may also be configured such that they are fixed to the fuselage without 
provision for retraction. The pivoting doors 160 would shroud the landing gear units 102 
when the airplane is in flight. 

[0051] The steering mechanism 152 is configured to rotate the strut portion 150 
through a predetermined angle I, which preferably is greater than or equal to 360°, 
without the need to stop or reverse. The steering mechanism 152 may include, for 
example, a spur gear (not shown) that is coupled to the strut portion 150, a pinion (not 
shown) that meshingly engages the spur gear, a drive mechanism (not shown) for 
rotating the pinion and a sensor (not shown) for generating a sensor signal indicative of 
the rotational orientation of the strut portion 150 relative to the fuselage 12. The 
independent suspension of the tires 154 on the strut portion 150 accommodates uneven 
or crowned airport surfaces while avoiding the concentration of load on individual 
landing gear units 102. 

[0052] With the landing gear units 102 configured in this manner, the controller 
140 is able to control the steering mechanisms 152 such that each pair of tires 154 may 
be steered with very little or no tire scrubbing, even during tight maneuvers. Further, 
the capability to individually steer all of the landing gear units 102 permits the aircraft 10 
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to land in or take-off from a crabbed orientation to thereby reduce the required roll 
clearance between the wing assembly 14 and the ground during landing and take-off 
operations. This reduction in roll clearance is preferably employed to lower the wing 
assembly 14 so as to further enhance the efficiency of ground-effect operation. 
[0053] As the speed of transport is valuable, and as the time to load and unload 
the aircraft 10 is included in the total transit time, rapid loading and unloading of the 
aircraft 10 is highly desired. Features such as the movable nose portion 30 and the aft 
cargo ramp 57 undoubtedly reduce the cycle time associated with the loading and 

fib 

g unloading of the aircraft 10, but the task of loading and unloading is preferably 

}{* expedited through the use of a cargo transport system 1 70 as shown in Figure 4. 

M 

£ [0054] As noted above, the preferred primary cargo of the aircraft 10 is the 

I* 

, modular, intermodal ISO cargo containers that are commonly employed in overseas 

p» 

Q cargo transport. These containers are built the world over to a set of specifications 

IU 

J which permits them to be functionally interchangeable with one another. The container 
design incorporates fittings at all eight corners that permit the containers to be securely 
locked to a vehicle or handled by cranes or other devices. Accordingly, the cargo 
transport system 170 is coupled to the fuselage 12 and preferably includes a conveyor 
portion 172 that is configured to facilitate loading and unloading of cargo into the central 
storage cavity 28, and preferably the first and second wing storage cavities 64 and 66 as 
well. The conveyor portion 172 preferably includes fittings (not specifically shown) that 
mate to the fittings on the ISO cargo containers to thereby lock the ISO cargo containers to 
the conveyor portion 172. The fittings may be of the type that are commonly employed in 
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the transport of the ISO cargo containers by trucks and by rail. Such fittings are well 
known in the art and need not be discussed in detail herein. 

[0055] Once an ISO cargo container 42 is secured to or removed from the 
conveyor portion 172, the conveyor portion 172 is indexed to permit another cargo 
container 42 to be loaded onto or removed from the conveyor portion 172. The 
conveyor portion 172 may be of any appropriate type, including a conventional 
synchronous conveyor system or a power-and-free accumulating type conveyor system, 
but preferably does not utilize auxiliary components, such as pallets, as the additional 
weight of such components reduces the cargo capacity of the aircraft 10. 
[0056] While the invention has been described in the specification and illustrated in 
the drawings with reference to a preferred embodiment, it will be understood by those 
skilled in the art that various changes may be made and equivalents may be substituted 
for elements thereof without departing from the scope of the invention as defined in the 
claims. In addition, many modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing from the essential scope 
thereof. Therefore, it is intended that the invention not be limited to the particular 
embodiment illustrated by the drawings and described in the specification as the best 
mode presently contemplated for carrying out this invention, but that the invention will 
include any embodiments falling within the foregoing description and the appended claims. 
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